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What do we know about species
extinction?
How can we use our science to prevent
extinctions?
What are the limitations of that
science?

strong, if implicit, statement of
incomplete knowledge. We start
by asking how many species are
known and how many remain
undescribed. We then consider by
how much human actions inflate
extinction rates. Much depends
on where species are, because
different biomes contain different numbers of species of different susceptibilities. Biomes also
suffer different levels of damage
and have unequal levels of protection. How extinction rates
will change depends on how and

Species of birds, mammals, and
amphibians are going extinct at
100 - 500 species extinctions,
per million species per year.
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The biodiversity of species and their
rates of extinction, distribution,
and protection
S. L. Pimm,* C. N. Jenkins, R. Abell, T. M. Brooks, J. L. Gittleman, L. N. Joppa,
P. H. Raven, C. M. Roberts, J. O. Sexton
BACKGROUND: A principal function of

the
Intergovernmental
Science-Policy
Platform on Biodiversity and Ecosystem
Services (IPBES) is to “perform regular
and timely assessments of knowledge on
biodiversity.” In December 2013, its second
plenary session approved a program to begin a global assessment in 2015. The Con-

where threats expand and whether greater
protection counters them.

known species have small ranges, however,
and such species are typically newer discoveries. The numbers of known
species with
Published
by AAAS
very small ranges are increasing quickly, even
in well-known taxa. They are geographically
concentrated and are disproportionately
likely to be threatened or already extinct.
We expect unknown species to share these
characteristics. Current rates of extinction
are about 1000 times the background rate
of extinction. These are
ON OUR WEBSITE
higher than previously
estimated and likely
Read the full article
at http://dx.doi
still
underestimated.
.org/10.1126/
Future rates will descience.1246752
pend on many factors
and are poised to increase. Finally, although there has been rapid
progress in developing protected areas, such
efforts are not ecologically representative,
nor do they optimally protect biodiversity.

*All of the papers discussed in this talk are available for free
download at ResearchGate; the graphics are online as indicated
ADVANCES: Recent studies have clarified

where the most vulnerable species live, where
and how humanity changes the planet, and
how this drives extinctions. These data are
increasingly accessible, bringing greater

OUTLOOK: Progress on assessing biodiver-

sity will emerge from continued expansion
of the many recently created online data-

30 MAY 2014 • VOL 344 IS

The “background rate” of extinction
is closer to 1 extinction per 10
million species per year.
I.e. extinctions are happening 1000
times fast than they should be
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*Molecular phylogenies
provide critical evidence
for background extinction
rates in this 2015 paper,
but I do not have time to
discuss them tonight

What do we know about species
extinction?
How can we use our science to prevent
extinctions?
What are the limitations of that
science?
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Threatened birds

Source Clinton Jenkins; from data from
NatureServe; base map Globaia
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The problem
with fragments
NEWS FEATURE

cologist Thomas Lovejoy tucks his trousers into his
socks with a casual warning about chiggers and then
hikes off into the Amazon jungle. Shaded by a tall
canopy and dense with ferns and underbrush, the oldgrowth forest looks healthy, but Lovejoy knows better. Three decades ago, the surrounding forest was mowed
down and torched as part of a research project, and the
effects have spread like a cancer deep into the uncut area.
Large trees have perished. The spider monkeys have moved
out, as have the army-ant colonies, and many of the birds
that depend on them.
Lovejoy and his team have been studying this 10-hectare
fragment of forest since the late 1970s as part of the largest
and longest-running experiment in tropical ecology. In colTwo years later, entomologist Edward O. Wilson and
initiative, and the ranchers were slow to clear the rest of
laboration
with
cleared
trees
around
this
biologist Robert
MacArthur published
theirranchers,
influential The they
their land.
One yearthe
passed,
then two.
“It was really
frusTheory of Island
Biogeography,
which
laid
the
foundations
trating,
” saysto
Bierregaard,
who
is now at the
University
of
and
ten
other
plots
of
varying
size
create
islands
of
intact
Decades after Thomas Lovejoy isolated fragments of the Brazilian rainforest
in
a
for the modern understanding of species diversity and rates
North Carolina at Charlotte. “We were publishing totally
extinction in
isolated habitat,
surrounded have
by
unreplicated
results from the 1- and
grand experiment, researchers are building on his legacy around theofworld.
forest.
Thewhether
researchers
been
monitoring
the10-hectare
plotsreserves.
ever”
water or by agricultural fields.
By 1983, rather than waiting for the ranchers, Lovejoy
Soon after Lovejoy
earned
his
PhD
in
1971,
ecologists
secured
more
funding
from
the
WWF
to
create
another
since, documenting how deforestation harms the adjacent
became embroiled in what became known as the SLOSS
pair of fragments. The results began rolling in immediately,
as specialist
and
gradudebate, which untouched
stood for ‘single largeforest
or several small’
. The
with theplants
edges of the
plots animals
showing a substantial
loss of
question was whether it would be better to protect maskey species. Yet, as the experiment grew, Lovejoy’s team
BY
ally
give
way
to
generalists
and
pioneer
species
that
prefer
sive continuous landscapes or many smaller biodiversity
soon had more data than it could deal with, and in 1996 he
JEFF TOLLEFSON
hotspots. Lovejoy thought about the Brazilian law and realon Bill Laurance to help make sense of the plant
disturbed habitat. “We arebrought
chronicling
the simplification
ized that the legal reserve could provide a way to probe
data. In 1997, Laurence and the team reported that up to
these
questions.
“The
ranchers
were
going
to
clear
the
land
36%
of
the
biomass
in
100 metresMason
of the forest
cologist Thomas Lovejoy tucks his trousers into his
generation of ‘fragmentologists’, who are working aroundof these forests,” says Lovejoy, a professorthe
atfirst
George
anyway,impacts
” he says. “My crazy idea was that maybe you could
fragments had disappeared in 10–17 years of isolation .
socks with a casual warning about chiggers and then
the world to understand the cascade of ecological
arrangeinthe
50%
and create a giant in
experiment.
”
“It really taught people how edge effects are driving rapid
University
Fairfax,
Virginia.
hikes off into the Amazon jungle. Shaded by a tall
that follow human development. Most notably,
early
project
changes in ecology,” says Laurance, who is now stationed
canopy and dense with ferns and underbrush, the oldApril, an international team started choppingThe
down
treeskicked off in 1978, with $500 a month from
Covering
roughly
1,000
square
kilometres
in an area
conservation
group
the
WWF
and
the
support
of
the
Braat James
Cook University
in Cairns, Australia.
growth forest looks healthy, but Lovejoy knows betin Borneo as part of an nearly £6-million (US$9-million)
zilian
National
Amazonian
Research
Institute
(INPA)
in
The main drivers are sunlight and air circulation. As
ter. Three decades ago, the surrounding forest was mowed
experiment that replicates and extends the Brazilian one.
north of Manaus in the central
Amazon,
experiment
Manaus.
the pastures
and forest edgesthe
heat up
each day, the air over
down and torched as part of a research project, and the
“The Amazon experiment changed the
game,”Lovejoy
says hired another former student from Yale,
ecologistproject
Rob Bierregaard, to run the project. A year later,
those regions rises, drawing cool moist air out of the forest.
effects have spread like a cancer deep into the uncut area.
Rob Ewers, principal investigator on the Borneo
was
set
up
to
test
fundamental
theories
about
the
viability of
team of Brazilian scientists began surveying the
The hot dry air takes a toll on large hardwood trees such as
Large trees have perished. The spider monkeys have moved
at Imperial College London. “I like to thinkheofand
ouraproject
forests areas they
were planning
to isolate, which came
in
mahoganyBy
anddocumenting
ebony. The open fields also
expose the forest
out, as have the army-ant colonies, and many of the birds
as the next step.”
small,
disconnected
ecosystems.
pervasive
sizes of 1, 10 and 100 hectares (see ‘Fractured forest’). The
to wind, which blows down trees and further opens up the
that depend on them.
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through
in
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with fast-growing
changes
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forest
fragments,
and
co-workers
Lovejoy and his team have been studying this 10-hectare
THE AMBASSADOR
June at
1980,
and in September, Bierregaard’s team walked
trees and vines. These pioneer species eventually seal off
fragment of forest since the late 1970s as part of the largest
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theburning
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that
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impacts,
and longest-running experiment in tropical ecology. In colof guests he invited to tour the experiment —
and
do a littleprovided
foresttradition.
debris. When the conflagration died down, the first
neither the carbon density nor the diversity of the forest
laboration with ranchers, they cleared the trees around this
bird-watching — over New Year’s Eve, an annual
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extensive
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intact
forest.
two
square
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old-growth
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standrecovers
quickly.
Today,
the
researchers
continue
to
track
and ten other plots of varying size to create islands of intact
Fit at 71, he has a slight paunch, a crop of thinning hair and
ingand
amid
embers that remained hot
these effects as they work their way through the forest.
forest. The researchers have been monitoring the plots ever
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hike of smoking
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most
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enough
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the crew’s
for days.
Those earlyexperiment
results suggested that
scientists
were
since, documenting how deforestation harms the adjacent
to his forest base. Lovejoy offers a quick tour
of thetoopenearly phase
of the
experiment
was
hardly
smooth.
underestimating
the
broader
impact
of
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untouched forest as specialist plants and animals graduair shelters that house hammocks and diningThe
facilities
assays
Stuart Pimm, a conservation
ecologist at Duke UniThe pool
Brazilians
and in 1998, Laurance extrapolated the findings across the
ally give way to generalists and pioneer species that prefer
well as the bathrooms, showers and a makeshift
down complained that it was too much of a US
disturbed habitat. “We are chronicling the simplification
a trail by the stream. Over the years, he has entertained aversity in Durham, North Carolina, who has collaborated
of these forests,” says Lovejoy, a professor at George Mason
long list of high-profile guests here, ranging from Al Gore
© 2013 Macmillan Publishers Limited. All rights reserved
University in Fairfax, Virginia.
(when he was a senator) to actor Tom Cruise and high-on the project. “We knew that small and isolated was bad,
Covering roughly 1,000 square kilometres in an area
ranking Brazilian officials.
but
we
needed
to
know
how bad.”
north of Manaus in the central Amazon, the experiment
Lovejoy has always served as a scientific ambassador
was set up to test fundamental theories about the viability of
and chief fund-raiser, and left the fieldwork to others. After The researchers are now exploring the long-term effects
small, disconnected ecosystems. By documenting pervasive
cleaning up from a day tramping around the forest, he sits
changes in the forest fragments, Lovejoy and his co-workers
beneath a cashew tree and begins plying his guests withof habitat fragmentation, but the ecological record there
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The science 1:

fragments are bad

Ferraz et al. PNAS 2003 show that
small fragments lose more species and
they lose them very much faster than
large ones
Rates of species loss from Amazonian
forest fragments
Gonçalo Ferraz*†, Gareth J. Russell*, Philip C. Stouffer‡§, Richard O. Bierregaard, Jr.‡¶, Stuart L. Pimm†,
and Thomas E. Lovejoy‡!**
*Department of Ecology, Evolution, and Environmental Biology, Columbia University, MC 5557, 1200 Amsterdam Avenue, New York, NY 10027; †Nicholas
School of the Environment, Duke University, Box 90328, Durham, NC 27708; ‡Biological Dynamics of Forest Fragments Project, National Institute for
Amazonian Research, Caixa Postal 478, AM 69011-970, Manaus, Brazil; §Department of Biological Sciences, Southeastern Louisiana University,
Hammond, LA 70402; ¶Department of Biology, University of North Carolina, 9201 University City Boulevard, Charlotte, NC 28223; and
!The H. John Heinz III Center for Science, Economics and the Environment, 1001 Pennsylvania Avenue, NW Suite 735 South,
Washington, DC 20004
Communicated by Paul R. Ehrlich, Stanford University, Stanford, CA, March 28, 2003 (received for review January 21, 2003)

In the face of worldwide habitat fragmentation, managers need to
devise a time frame for action. We ask how fast do understory bird
species disappear from experimentally isolated plots in the Bio-

isolation, making them good sources of information on local
species loss.

SavingSpecies announces the
gift to Fundación Colibrí
$100,000 for the purchase
of more land to connect the
corridor at La Mesenia

The science 2: which fragments do
we re-connect?
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Abstract: We aspired to set conservation priorities in ways that lead to direct conservation actions. Very
large-scale strategic mapping leads to familiar conservation priorities exemplified by biodiversity hotspots. In
contrast, tactical conservation actions unfold on much smaller geographical extents and they need to reflect
the habitat loss and fragmentation that have sharply restricted where species now live. Our aspirations for
direct, practical actions were demanding. First, we identified the global, strategic conservation priorities and
then downscaled to practical local actions within the selected priorities. In doing this, we recognized the
limitations of incomplete information. We started such a process in Colombia and used the results presented
here to implement reforestation of degraded land to prevent the isolation of a large area of cloud forest. We
used existing range maps of 171 bird species to identify priority conservation areas that would conserve the
greatest number of species at risk in Colombia. By at risk species, we mean those that are endemic and have
small ranges. The Western Andes had the highest concentrations of such species—100 in total—but the lowest
densities of national parks. We then adjusted the priorities for this region by refining these species ranges
by selecting only areas of suitable elevation and remaining habitat. The estimated ranges of these species
shrank by 18–100% after accounting for habitat and suitable elevation. Setting conservation priorities on
the basis of currently available range maps excluded priority areas in the Western Andes and, by extension,
likely elsewhere and for other taxa. By incorporating detailed maps of remaining natural habitats, we made
practical recommendations for conservation actions. One recommendation was to restore forest connections
to a patch of cloud forest about to become isolated from the main Andes.

We must now move from
strategic mapping — hotspots —
to tactical mapping at a scale
where we can effect practical
conservation actions

Keywords: Andes, distribution, endemic species, extinction risk, forest loss, geographical range, habitat fragmentation, IUCN Red List
Establecimiento de Prioridades Prácticas para la Conservación de Aves en los Andes Occidentales de Colombia
Ocampo-Peñuela & Pimm

Resumen: Intentamos fijar prioridades de conservación de manera que conduzcan a acciones directas de

conservación. La elaboración de mapas estratégicos de gran escala lleva a prioridades de conservación ejemplificadas por los sitios importantes para la biodiversidad. En contraste, las acciones tácticas de conservación
se desarrollan en extensiones geográficas mucho menores y que necesitan reflejar la pérdida de hábitat y
la fragmentación que han limitado severamente el espacio en que viven actualmente las especies. Nuestras
aspiraciones para acciones directas, prácticas fueron demandantes. Primero, identificamos las prioridades de
conservación globales, estratégicas y luego redujimos la escala a acciones locales prácticas en el contexto de las
prioridades seleccionadas. Al hacerlo, reconocimos las limitaciones de la información incompleta. Iniciamos
tal proceso en Colombia y utilizamos los resultados presentados aquı́ para implementar la reforestación
de terrenos degradados para prevenir el aislamiento de un área extensa de bosque de niebla. Utilizamos
los mapas de distribución de 171 especies de aves para identificar las áreas prioritarias de conservación
que pudieran conservar el mayor número de especies en riesgo en Colombia. Nos referimos como especies
en riesgo a aquellas que son endémicas y tienen rangos de distribución pequeños. Los Andes Occidentales
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We combine
ranges,
elevation and
remote sensing
of forest cover

The science 3: What to expect?

What do we know
about species
extinction?
How can we use
our science to
prevent
extinctions?
What are the
limitations of that
science?

We do not need to know all species
But we do need to have good surveys
of a variety of taxa
They need to be near-complete, or else
we will miss rare species
And they must be geographically
comprehensive — or else we will miss
the areas where endemics concentrate

SavingSpecies invites your tax
deductible contribution to
preventing the loss of species
www.savingspecies.org

